General Considerations
Commercial reagents were purchased from Aldrich, Alfa and TCI, and were used as received unless otherwise indicated. Dichloromethane was degassed with argon and passed through two columns of neutral alumina. Anhydrous THF, toluene and cyclohexane were purchased from Aldrich and used as received. All catalytic reactions were carried out under N 2 with oven-dried vials. Thin layer chromatography was performed on SiliCycle® 250 um, 60A plates. Column chromatography was performed on SiliCycle®SilicaFlash® P60, 40-63 um, 60A. Visualization was accomplished with UV light (254 nm) or DNP (Dinitrophenylhydrazine). High resolution mass spectra (HRMS) were obtained from Columbia University Mass Spectrometry Facility on a JOEL JMSHX110HF mass spectrometer using FAB+ ionization model.
Infrared spectra were recorded on a Perkin Elmer Paragon 1000 FI-IR spectrometer. HPLC spectra were obtained on an Agilent 1100 series system. Optical rotation was obtained with an Autopol-III automatic polarimeter.
Ketones besides perfluoroethyl or perfluoropropyl phenones 1 were purchased from Aldrich and used as received. 2-(bromomethyl)benzaldehydes, 2 and chiral phosphoric acids 3 are known. The triazolium salts 4-5 were prepared according to our previous procedure.
4
S-3
General Procedures for the Asymmetric [4+2] Annulation:
To an oven-dried 5 mL vial with a magnetic stir bar, aldehyde 1 (0.10 mmol), ketone 2 (0.20 mmol), triazolium salt 5a (9.3 mg, 0.020 mmol), chiral phosphoric acid 6d (6.8 mg, 0.010 mmol), KOAc (19.6 mg, 0.20 mmol) were added before being transferred to an argon-filled glovebox. 1.0 mL of dry cyclohexane was added. The vial was tightly capped and removed from the glovebox. The reaction was vigorously stirred at room temperature. After 12h, the mixture was concentrated and the residue was subjected to flash silica gel chromatography (hexane: ether = 20:1) to yield lactone product.
Characterization Data of New Compounds:
Prepared according to the general procedure: white solid, 19.9 mg, 68% yield, 95% ee, R f = 0. 
